In the past several years, capillary electrophoresis (CE) has been shown to be a powerful and efficient analytical separation technique. One of the major areas of study is the development of sensitive detection methods. Oncolumn optical detection modes, such as UV absorption and fluorescence detection, are the most commonly used, on account of the extremely small sample zone and the small capillary dimensions in CE. Chemiluminescence (CL) has been verified to be a highly sensitive detection method in both flow injection analysis (FIA) and highperformance liquid chromatography (HPLC).1 Due to its simple optical system and low background nature, CL is expected also to be an ideal detection method for CE. Recently, the applicability of CL detection in CE has been successfully demonstrated.
Several CL reagents, such as luminol2'3, acridinium4 and peroxyoxalate5,6 have been utilized. The present authors have for the first time reported on a CL detection of proteins separated by CE,5,6 The bis(2,4,6-trichlorophenyl)oxalate(TCPO)-hydrogen peroxide(H202) system was used together with fluorescent compounds, such as Eosin Y, rhodamine B isothiocyanate, tetramethylrhodamine isothiocyanate isomer R and fluorescamine. The proteins labeled with them were quantitatively analyzed by the CE-CL detection method with detection limits of 10.8 -10-7 mol dm 3 orders.
It is well known that the CL emitted by luminol in the presence of H202 is remarkably enhanced by a catalyst, such as metal ions and their complex compounds. It has been used for the determination of a small amount of proteins labeled with metal complexes' and heme proteins8'9 as well as H202 and metal ions, in FIA and HPLC. In this study, we newly developed a CE apparatus with an on-line CL detection of luminol-H202 system for analyzing heme proteins. They have attracted much attention because of their interesting and important functions in vivo. It was found that iron(III) sulfate, hematin as an iron(III) porphyrin complex, and various heme proteins were migrated and detected by the present apparatus. As initial results, a mixture sample of hemoglobin and cytochrome c showed a complete base-line separation on the electropherogram. The calibration curve of hemoglobin featured a very small detection limit of 10-10 mol dm 3 (S/N=2).
The present CE-CL method was about 104 times as sensitive as the conventional CE-absorption detection method (210 and 410 nm) for the detection of hemoglobin. Although CE-CL detection using the reported TCPO-H202 system was certainly more sensitive than the conventional detection systems, it provided no more than 10.8 mol dm-3 order detection limits for dyestufflabeled proteins. The present method is expected to be useful for studying biological constituents having a heme structure.
Experimental

Reagents
All of the reagents used were of commercially available special grade. Ion-exchanged water was distilled for use. Hemoglobin, myoglobin, cytochrome c and hematin were purchased from Sigma Chemical Co. Peroxidase and catalase were from Wako Pure Chemical Industries, Ltd. Luminol and iron(III) sulfate hydrates were received from Nacalai Tesque, Inc.
t To whom correspondence should be addressed .
Apparatus
An outline of the present apparatus is shown in Fig. 1 . A high voltage was applied to electrodes using a DC power supplier (Model HCZE-30PNO.25, Matsusada Precision Devices Co., Ltd.) in order to migrate any analyte. All of the tubes used were made of Teflon. A three-way joint was prepared using a Pharmacia Tubing Connector (SRTC-3). A 500 µm i.d. Teflon tube, which was covered with black Tygon-tape and had an 11 mm detection length in front of a photomultiplier (Hamamatsu Photonics Co., Ltd. R-464), was used as a detection cell. A CL reagent solution was fed by a pump (TOSOH Co., Ltd., CCPM II); it was mixed with the eluate at the tip of the capillary tube. The resulting CL was detected by a photomultiplier, measured by a photon counter (Hamamastu Photonics Co., Ltd. C1230) and treated by an integrator (Shimadzu Co. Chromatopac C-R6A). A modified Shimadzu SPD-6AV absorption detector was also used for absorption detection.
Procedures
A fresh capillary tube (50 µm i.d., 70 cm length) was treated with 1 mol dm 3 sodium hydroxide for 30 min and washed with distilled water. A migration buffer solution (10 mmol dm 3 carbonate; pH 10.0) was treated through a filter (Millipore Millex-GSSLGS0250s) and degassed for use. After a capillary tube was filled with the buffer solution in advance, a CL reagent solution (5 mmol dm 3 luminol and 25 mmol dm 3 H2O2 aqueous solution) was fed at a rate of 0.6 µl min 1 by a pump until a definite electric current was obtained. Then, only the high voltage was removed, and a sample solution prepared by the carbonate buffer was introduced into a capillary tube having a positive electrode side for 10 s from a height of 30 cm by siphoning. After introducing the sample solution, a voltage of 0 -20 kV was gradually applied for 60 s. Monitorning was started just after the voltage reached 20 kV. By the just-described procedure the present measuring system could be used repeatedly. Results 
and Discussion
Several useful information and techniques obtained in our previous reports5,6 on the CE-CL detection method using the TCPO-H202 system were applicable to the present method using a luminol-H202 system. For example, the use of a three-way joint for mixing a CL reagent solution with an eluate from the capillary, the cell structure for detecting a small amount of CL intensity, and other analytical conditions and procedures. However, the treatment of the CL reagent solution (luminol+H2O2) must be examined because the CL intensity of the solution drastically changes with the standing time. The CL intensity quickly decreased and became about one-tenth of that of the initial solution within 1 h, and an almost constant CL intensity was observed after about 12 h. Then, a CL reagent solution after being left for more than one night was used in this study. A fresh CL reagent solution provided high noise levels on the baseline and no reproducible results. Samples of iron(III) sulfate, hematin, and various heme proteins were migrated and detected by the present CE-CL detection method. Their retention times (min) were as follows (the values in parentheses for proteins are the retention time, isoelectric point, and molecular weight in this order); iron(III) sulfate (4.0), hematin (7.3 -10.0), peroxidase (5.3, 3.5, 33890), catalase (5.5, 5.5, 240000 -250000), myoglobin (5.6, 7.3, 17500), cytochrome c (6.5, 10.1, 11702), and hemoglobin (9.3, 6.9, 64550). The peaks of hematin observed on the electropherogram showed some broading due to several compounds. This might be attributed to protoporphyrin skeletons having different side-chains or other impurities. The order of the retention times of proteins seemed to correspond to that of the isoelectric point values, except for hemoglobin.
An electropherogram of a mixture sample of hemoglobin and cytochrome c is shown in Fig. 2 with a complete base-line separation. Though CE has so far shown excellent performance for the separation of various kinds of compounds having relatively low molecular weights, it was not always satisfactory for separating bio-polymers, such as protein, glycoprotein and lipoprotein, due to the adsorption of protein onto the for the CE-CL detection inner wall of a capillary tube and low sensitivity in the detection of protein, which promoted the adsorption phenomenon due to the high concentration of the protein sample. However, considerable sharp and symmetrical peak figures were observed for all protein samples in this study, as shown in Fig. 2 , in spite of turbulent mixing of an analyte with a CL reagent at the end of separation capillary. The reasons for the satisfactory results might be considered to be as follows. First, since all protein samples were migrated at pH 10, which was higher than or equal to the isoelectric point values of the proteins, the interaction between protein surfaces and negative charges due to silanol groups on an inner wall of capillary must be either very small or negligible. Secondly, the concentration of protein samples, which was much lower than that used for ordinary spectrophotometric and fluorometric detections, was subjected to the CE-CL detection method. The calibration curve of hemoglobin featured a determinable range of 1O" -10-6 mol dm 3 with a very small detection limit of 10-1° mol dm 3 (S/N=2) (Fig. 3) . The present CE-CL detection method was about 104-times as sensitive as the conventional CE-absorption detection system (210 and 410 nm) for the detection of hemoglobin. The present authors had reported on CE-CL detection using the TCPO-H202 system for the separation and determination of a small amount of various labeled proteins. Although they were certainly more sensitive than the conventional detections, such as spectrophotometry and fluorometry, they provided no more than 10.8 -10-' mol dm 3 order detection limits. The experiments were carried out under the same conditions as described in Fig. 2 , except for protein concentration.
